Background: Osteochondral defects of the radiocarpal, metacarpophalangeal (MCP), and proximal interphalangeal (PIP) joints often necessitate joint arthrodesis or mechanical arthroplasty, which has a limited lifespan. In severely arthritic wrist and finger joints, we propose a novel adjunct for joint salvage using cadaveric meniscus for joint resurfacing as an off-the-shelf alternative to address osteochondral defects and restore normal intraarticular contact stress. Methods: A total of 14 patients with osteochondral defects in 5 radiocapitate, 5 MCP, 3 PIP, and 1 carpometacarpal joints received cadaveric meniscus to facilitate arthroplasty. Patient demographic, perioperative pain, range of motion, and complications were examined. Results: Patients aged 17 to 73 years old (average, 54.6 years old) underwent joint reconstruction for scaphoid nonunion (n = 1), scaphoid-lunate advanced collapse (n = 4), or osteoarthritis of MCP/carpometacarpal (n = 6) or PIP (n = 3) joints. Successful arthroplasty with joint space preservation occurred in all joints. Patients had a significant reduction in average pain scale score (P < 0.01) and improved average range of active motion degrees of flexion (P < 0.01) and degrees of extension (P < 0.05). No complications resulted; only a revision tenolysis and capsulotomy were required for PIP and MCP arthroplasties. Postoperative films reveal preservation of arthroplasty joint space after an average 19.7-month followup (range, 8-54). Conclusions: We believe that meniscus is a viable joint salvage option or adjunct to preserve pain-free motion and avoid total joint arthrodesis. In this series of 14 patients, we demonstrate the successful use of cadaver meniscus in hand joint arthroplasty, such that it advantageously maintains a low metabolic demand, is biointegratable, and is surgically malleable.
INTRODUCTION
Historically believed to be "functionless remnants of intra-articular leg muscles," 1 the human menisci were later found to actually serve an important role in load sharing, shock absorption, joint stability and lubrication, joint nutrition, and overall protection of articular cartilage. 2 Menisci are composed of 70% water, and collagen type I makes up 60-70% of its dry weight. 3 Together, the high composition of water is crucial for optimal force transmission, and the layers of collagen matrix are organized so as to effectively convert loading force into hoop stress. 3 With the move from meniscus removal to preservation in the 1970s, 4 increased surgical advancements eventually led to the use of free meniscal allograft transplantation (MAT) to restore knee biomechanics, alleviate postmeniscectomy symptoms, and delay osteoarthritis.
1984 as the first MAT. 5 However, a protective effect was not produced and documented until 1997. 7 Since then, cadaveric menisci have been utilized to treat various forms of meniscus damage or degradation.
In cases of osteoarthritis in the finger and wrist joints, treatments most commonly used have been joint arthrodesis and joint arthroplasty. Arthrodesis involves fusion of the second and third digits in extension and fusion of the fourth and fifth digits in 10-20 degrees of flexion. Utilized for debilitating pain and deformity, arthrodesis aims to recreate normal cascade of the fingers and results in surgical immobilization of a joint by fusion of the adjacent bones. After arthrodesis, motion in the joints is no longer possible. This is in contrast to arthroplasty, in which surgical reconstruction or replacement of a joint allows continued mobility of the joint. However, these methods predispose the patient to a long list of complications, [8] [9] [10] [11] including but not limited to implant failure, infection, and hardware complications. 9 Complications often lead to additional surgical management. On the other hand, complication rates in MAT are low to acceptable 4, 12, 13 with reportedly low reoperation and revision rates even in an athletic population. 14 MAT is typically indicated when therapy fails to provide symptomatic relief or when joint space narrowing occurs, with the most common indication for MAT being patients with symptoms of a meniscus-deficient tibiofemoral compartment. 3 Upon completion of the procedure, the MAT has been shown to yield fair to excellent results in almost 85% of patients, with long-term improvements in pain and functional outcomes. 15, 16 However, the MAT has traditionally been successfully documented for use in the knee joint. After an extensive literature search, we have found no documented cases of using meniscus harvested from a donor in hand and wrist procedures, except more recently by Shapiro et al. 17 on the trapeziometacarpal arthritis of the thumb. As such, the purpose of this study is to investigate the results of MAT in osteochondral defects of severely arthritic finger and wrist joints and subsequently demonstrate the novel use of the cadaveric meniscus for successful joint resurfacing and arthroplasty.
PATIENTS AND METHODS
Between February 2012 and December 2015, we operated on 14 patients who qualified for finger or wrist arthroplasty using cadaveric meniscus. All patients suffered from osteoarthritis, with osteochondral defects in 5 radiocapitate, 5 metacarpophalangeal (MCP), 3 proximal interphalangeal (PIP), and 1 carpometacarpal (CMC) joints. Reasons for surgery included scaphoid nonunion (n = 1), scaphoid-lunate advanced collapse (n = 4), or osteoarthritis of MCP and CMC (n = 6) or PIP (n = 3) joints. The average age of these patients was 54.6 years (range, 17-73 years; 5 males and 9 females), and the average follow-up period was 19.7 months.
Data Collection
Both preoperative and postoperative x-rays were taken of the affected joint area, with postoperative magnetic resonance imaging (MRI) obtained for patient 10 to evaluate the viability of the cadaveric meniscus graft. Preoperatively, range of motion (ROM) of the affected joint and pain score were recorded. ROM preoperatively ranged from 0 to 5 degrees, with an average of 1.1 degrees. Pain was evaluated using a numeric pain rating scale ranging from 0 to 10, with 0 representing no pain and 10 representing the highest degree of pain. 18 Preoperative pain scores ranged from 7 to 10, with an average score of 9.7. Postoperatively, flexion and extension of the affected joint and pain score were again recorded.
Surgical Procedure
Patients underwent standard surgical exposures and salvage procedures such as proximal row carpectomies specific to their arthritic joint. For interphalangeal (IP) joints, a slightly curved dorsal incision is made to expose the extensor apparatus of the IP joint. A midline incision is made through the extensor mechanism while protecting the insertion. Collateral ligaments are preserved while exposing osteochondral defects. Upon closure, the extensor mechanism is repaired with either interrupted mattress sutures or a running suture with a monofilament absorbable suture. Similarly, for the MCP joint, a longitudinal incision is made over the MCP joint and the extensor tendon is split longitudinally. The dorsal capsule is divided to expose the joint. For radiocarpal joints, a longitudinal incision is made dorsal in the line of the third metacarpal. The extensor retinaculum is incised over the third compartment, and the fourth and second compartments are exposed over the carpus. If not already performed, the posterior interosseous nerve is excised. The capsule is incised transversely at the level of the capitolunate joint. The extensor carpi radialis longus muscle tendon is retracted radially, and the extensor carpi radialis brevis muscle tendon is retracted ulnarly to allow exposure and evaluation of the surfaces of the capitate, distal lunate, hamate, and distal triquetrum.
Once osteochondral defects were identified at the joint surfaces (Fig. 1A) , they were debrided back to healthy cancellous bone (Fig. 1B) . Measurements were then taken of the debrided osteochondral defect as a template for the cadaver meniscus graft needed to be fashioned ( Fig. 2A,  B) . Once the cadaver meniscus was trimmed to exact size, they were inset and sutured over the osteochondral defect with 4-0 Mersiline sutures (Fig. 2C) and coated with fibrin sealant glue. Intraoperatively, joint spaces were evaluated and reduced to ensure they were preserved without bone contact. The surgical exposures were then closed in layers.
Patients who presented with radiocarpal joint arthritis (Fig. 3A) underwent proximal row carpectomies in the standard fashion. However, the above technique was utilized to address the capitate and radiolunate fossa osteochondral defects, before reduction of the capitate into the radiolunate fossa (Fig. 3B) . 
Clinical Case
Patient 10 is a 60-year-old right-hand dominant female office worker with a history of severe pain in her right index finger for over 1 year. Her pain was worse with any activity and prevented her from participating in regular hobbies such as crocheting and knitting, which required fine manual dexterity. This deficit caused her much emotional distress. Her previous treatments included multiple steroid injections but with no benefit. Her most recent injection was at 3 weeks before presentation. The patient's medical and surgical history included a trigger finger release of her right index finger at 9 months before presentation and bilateral carpal tunnel releases. She had unremarkable medication history and was a former smoker with no history of alcohol use.
On preoperative physical exam, the incision from her trigger finger release was healing well. The patient displayed mild erythema at her second MCP joint. Preoperative ROM was 0 degrees at the second MCP joint due to pain and swelling, with tenderness to palpation. She displayed full ROM in all other digits. Her neuromuscular exam was within normal limits. Preoperative level of pain was a 10 on the pain scale. The patient had a diagnosis of painful MCP joint arthritis in her right index finger, as can be seen in preoperative x-rays (Fig. 4) . All nonsurgical management failed. As a result, she was presented with multiple surgical options, including arthrodesis, silicone arthroplasty, and nonconstrained implants. In addition to strongly desiring pain relief, the patient also wished to continue working. This rendered the option of arthrodesis unsatisfactory because the patient needed her index finger to type for her job. With arthroplasty, there was also a high risk of implant fracture or failure due to the specific demands of her occupation. As a result, the patient was presented with the option of MCP joint reconstruction using MAT.
The patient underwent the above surgical technique and was postoperatively placed in a radial gutter splint with MCP joint in extension and PIP free for 3 weeks. Her sutures were removed at 2 weeks, and she started hand therapy at 3 weeks with a removable hand splint. Her precautions included no heavy lifting or strenuous activity without other weight-bearing restrictions. X-rays and MRI revealed preservation of joint space and an intact cadaver meniscus (Fig. 5) .
The patient's pain significantly improved from a preoperative 10 to a 0 on the pain scale. She has been utilizing her hand for most daily tasks, including some lifting. Her active ROM for the right index MCP joint was 13-70 degrees. Her hand grip strength, as measured by a dynamometer, was 45 pounds, as opposed to 62 pounds in her contralateral hand. Three-point pinch was 14 (16 contralateral) and lateral pinch was 14.5 (16 contralateral).
Statistical Analyses
Wilcoxon signed rank test was used to determine statistical differences between the paired pre-and postoperative measurements. P values were two-tailed, and values equal to or less than 0.05 were defined as statistically significant.
RESULTS
Results for all 14 patients are listed in Table 1 . The mean follow-up period showing postoperative preservation of arthroplasty joint space on radiographs was 19.7 months, ranging from 8 to 54 months. All patients received hand therapy at 3 weeks postoperatively. Of the 14 patients who underwent this technique, all achieved successful joint arthroplasty with joint space preservation. Postoperative flexion of the affected joint was available in 12 of 14 patients. In those 12 patients, average postoperative flexion improved to 15 degrees for wrist joints, 46 degrees for MCP joints, and 50 degrees for PIP joints (P < 0.01). Postoperative extension of the affected joint was available in 6 of 14 patients, average of which was 30 degrees-also a significant improvement from preoperative ROM (P < 0.05). There was a significant reduction in average pain scale score from 9.7 to 1.7 (P < 0.01). Aside from postoperative swelling in 1 patient, no complications occurred. Of 14 patients, only 2 (14%) required tenolysis and capsulotomy for postoperative revisions of PIP and MCP arthroplasties (Fig. 6) . Postoperative radiographic imaging revealed not only preserved joint spaces on x-ray hand films (Fig. 5A-C) but also that meniscal transplant remained intact and in place on MRI at 3 months postoperatively (Fig. 5D, E) .
DISCUSSION
The loss of meniscal tissue is associated with early-onset knee osteoarthritis [19] [20] [21] and often also causes immense pain, loss of function, and articular cartilage degeneration. 13 For MAT on the knee, current studies consistently reveal favorable clinical and functional results in young and active meniscectomized patients. 22 These improvements in symptoms, function, and quality of life were also shown at longer follow-up periods of 7-14 years. 22 Furthermore, according to Samitier et al., 22 although MAT does not necessarily prevent degeneration in previously healthy cartilage, it may prevent the progression of cartilage damaged at long-term follow-up. Because of the successful use of MAT on the knee, this study aimed to demonstrate MAT as a valuable alternative to treating osteochondral defects of the radiocarpal, MCP, and PIP joints. The cadaveric meniscus not only provides resurfacing of the affected bone but also serves to maintain the articular space. No additional interventions are taken to maintain the articular space. Biointegration of the cadaver meniscus occurs via contact from debrided bone at either or both bone surfaces of a joint. Joint collapse in this case may actually be beneficial as a bolster to maintain the graft in place. 
